THE SEGMENTAL REFLEX discharge (7, 31, 21 ) must be considered of anatomical rather than functional significance in that it contains, in unnatural combination, those elements which constitute the several distinct ipsilateral reflexes. In the present paper are the results of experiments designed to resolve the segmental reflex into its functional components. The observation that a major division of the segmental reflex into its direct (two-neuron-arc) and indirect (multineuron-arc) components followed segregation of muscle afferent and cutaneous afferent fibers for afferent stimulation (21) provides the point of departure for the experiments to be described. Some of the present observations have been mentioned briefly in a preliminary note (23). A general discussion of these and other results will be found in another paper (25) .
The afferent fibers of the A group (14) exhibit a range of diameters extending from 20~ to 1.5~ (36). In a dorsal root the whole range of fibers is present, but in the peripheral nerves significant segregation .s are found (36, 8, 29, 14) which permit a degree of selective stimulation of the various components (21). For the purposes of the present discussion the afferent fibers will be classified into groups, each group being marked by a peak in the fiber distribution plots of one or another of the several peripheral nerves. Group I consists of the largest afferent fibers, which are to be found only among the afferent fibers arising from muscle. Approximately these fibers range from 20~ to 12~ in diameter (8, 29) , with a distribution peak at 15 to 16~. Group II contains fibers of approximately 12~ to 6~ in diameter, with a mode at 8 to 9p. These fibers form a prominent peak in the fiber distribution plots of cutaneous nerves (8, 30, 14) , but they are poorly represented among the muscles afferent fibers (8, 29) . Group III consists of fibers gathered about a peak at 3 to 4~ (the delta pile). These last are to be found in both muscle and cutaneous nerves. Another category, to consist of the C fibers, the afferent and reflex function of which is proven (3, 2) , should be included as group IV. These fibers have not been studied during the course of the present experiments.
Since group I and group II fibers are the lowest threshold fibers in muscle and cutaneous nerves respectively, they may be excited in isolation by the simple expedient of selecting the appropriate nerves for stimulation (21). There is no means at present of stimulating group III fibers in isolation but their contribution to reflex action, on stimulation, is easily recognizable as addition to the reflex discharges caused by stimulation of the larger, lower threshold fibers [after-discharge?.] The experiments were performed on cats, made spinal by transection accomplished through the dorsal atlanto-occipital membrane under ether anaesthesia, after which artificial respiration was instituted and the anaesthetic discontinued.
Group I reflexes. The reflex discharge resulting from stimulation of group I afferent fibers has been studied chiefly, but not exclusively, in connection with the nerve supply to the gastrocnemius muscle. Several considerations prompted this choice, not the least among which is the fact that the afferent fibers from this muscle have been examined by histological means (8, 29) . Moreover, the gastrocnemius muscle is supplied through the seventh lumbar (L7) and first sacral (Sl) segments of the spinal cord, which provides a favorable site for study by virtue of the length of the nerve roots pertaining to those segments. Figure 1A illustrates the reflex discharge, recorded from the Sl there are two time designations these are for the small and large divisions respecventral roots supplying the muscle were severed distally in order to record the reflex and to prevent the penetration of the inevitable antidromic volley into the spinal cord. Under these circumstances the gastrocnemius nerves are connected with the spinal cord only through the dorsal roots, and may be regarded therefore as 'afferent' nerves. Figure IB presents the reflex discharge obtained by stimulating the Sl dorsal root while recording from the gastrocnemius nerves. The dorsal root was severed distally to prevent the dorsal root volley from coursing antidromically into the gastrocnemius nerves. Under these circumstances the gastrocnemius nerves may be regarded as 'purely efferent' in function. The reflex discharge from the dorsal root to the gastrocnemius motor fibers is essentially similar in latency and duration to that from the gastrocnemius afferent fibers to the ventral root. The conduction length of the reflex pathways is similar for the experiments illus-TRANSMISSION   OF HIND  LIMB  REFLEXES  295 trated in Fig. 1A and B, and so therefore are the central delays. The reflex discharges in Fig. 1 have a latency of approximately 2.6 msec., which is appropriate for reflexes transmitted through arcs of two neurons, considering the overall length of the pathways involved. Figure 2 presents an estimate in greater detail of the central delay of a reflex discharge comparable to that illustrated in Fig. 1A . The gastrocnemius nerve to Sl ventral root reflex latency for the experiment illustrated in Fig. 2 is 2.5 msec. In the inset (B) of Fig. 2 Granting that some or all of these figures may be approximations, the dispersion encountered in experiment with the reflex discharge is within the limit calculated for simple transmission along an equivalent nerve bundle. There is, in consequence, reason to suppose that the reflex two-neuron-arc pathways alone can account for the group I reflex discharges that have been described.
The two-neuron-arc discharge reflects into the stimulated muscle nerve. When stimulating and recording leads are placed on the same nerve, with all central connections to the spinal cord intact, a two-neuron-arc discharge may be recorded, as illustrated in Fig. 3A . The stimulated volley courses 296 DAVID P. C. LLOYD centrally in both afferent and motor fibers, and since these fibers are in general similar in the case of the group I reflexes, the reflex afferent volley and the antidromic volley will reach the spinal cord essentially in simultaneous combination.
Only a small fraction of the reflex volley under these circumstances (22) the present experiments afferent fiber pathways between the stimulating and recording leads exist to provide potential paths for the transmission of dorsal root reflexes to the recording leads. This is the case particularly when recording from the stimulated peripheral mixed nerve (44). As the central latency of the dorsal root reflex is 4 msec. (44), it does not interfere with the recording of group I reflexes, but it may appear in the nerve later to mimic other true reflex discharges. In practice, the temperature of the preparation is maintained as near normal as possible to minimize the dorsal root reflex. In Fig. 3A is shown the reflex discharge through two-neuron-arc pathways as recorded on the tibia1 nerve on stimulation of that nerve. The reflex discharge follows by approximately 4.0 msec. the volley conducted directly from stimulating to recording electrodes. The added latency for this reflex over that found when the reflex is recorded on a ventral root ( Fig. 1, 2 ) is approximately 1.5 msec., which is just sufficient to account for the added efferent conduction distance from the ventral root to the recording leads on the tibia1 nerve (cf. also Fig. 9A , G for a similar reflex discharge recorded from another preparation). Figure 3B shows that the two-neuron-arc discharge is removed by section of the appropriate dorsal roots. After section of the dorsal roots there may be a slight residual discharge, which is due in part to a recurrent or 'pseudo-reflex' volley from the central regions of the motoneurons as a result of the uncurtailed antidromic volley (32,22), and in part probably to discharges arising in the manner of the Hering phenomenon at the cut ends of the dorsal roots (15, 34, 20) , possibly by the action of negative after-potential.
Whatever the residual discharges may represent, Fig. 3B provides the essential control to show that the centrifugal volley in Fig. 3A is a true reflex volley rather than a recurrent volley of similar time relationships (32,22). The tw 'o-neuron-arc reflex discharge does not reflect into muscle nerves other than the one stimulated.
In Table 1 is to be found a list of reflex pathways from one nerve to another which have been searched for two-neuron-arc Figure 4 illustrates the absence of reflex discharges from one to another of the divisions of the tibia1 nerve, even at strengths of stimulation calculated to recruit all the A fibers of the stimulated nerve into the 'afferent' volley. Record M of Fig. 4 , for which the tibia1 nerve was stimulated while recording from the peroneal nerve, serves as a control for the viability and patency of the central portions of the reflex system in the experiment illustrated. It will be noted that the discharge recorded in 4M has a latency of 5.8 msec., whereas the two-neuron-arc discharge should appear, as in Fig. 3 , with a latency approximating 4.0 msec. fraction of a muscle (gastrocnemius or quadriceps) was inhibition of the innervated remainder of that muscle, gauged on a background of decerebrate rigidity or crossed extensor reflex. At the time these experiments were performed it was not realized that the antidromic volleys unavoidably transmitted centrally to the central portions of the motoneurons could effect the transmission of reflex effect through neighboring motoneurons not involved in the antidromic volley (32). The effect, usually inhibitory, is particularly potent as between motoneurons supplying parts of the same muscle. There can be little doubt that this action of antidromic volleys accounts, in good measure, for the observations of Sherrington, Liddell and Sherrington, and O'Leary, Heinbecker, and Bishop. Of course, the possibility of direct inhibition in the orthodromic sense (19, 21) cannot be neglected but the crucial experiment
has not yet been devised to demonstrate direct orthodromic inhibition in this situation.
TRANSMISSION OF HIND LIMB REFLEXES 299
In spite of the known antagonism between the reflex arcs to the several heads of a muscle, and the fact that this antagonism is exerted when the interacting volleys arriv *e at the motoneurons in concert, the action can not contribute significantly to the absence of two-neuron-arc discharges from one head to another within a muscle (Fig. 4B , C, E, F) or from one-nerve to another (Fig. 4H, I , K, L, 7, 8, 9, 10, 11) for the depressent action of antidromic volleys is not great for the two-neuron-arc reflex at the time relationships which obtain in the present experiments, i.e. (virtually simultaneous combination of the afferent and antidromic volleys at the spinal cord). From the experiments described it is possible to conclude that the afferent limb for the mediation of two-neuron-arc reflex discharge consists of the large, low threshold group I afferent fibers arising in muscle (cf. also 21), and that the two-neuron-arc discharge reflects only into the muscle group of m ulated . Of uscles or head of a muscle, the afferent fibers of course it is reasonable th .at, on the occasion which are stimof further subdivision of 'a muscle nerve twig, a stage might be reached, perhaps fortuitously, in which two-neuron-arc disch .arges could be obtained by stimulation of one subdivision while recording from another. The endeavor to achieve this state of subdivision has not been pursued. One cannot escape the identity of distribution that obtains between the two-neuron-arc reflex discharge and the myotatic reflex (18). In effect the two-neuron-arc connections appear to constitute the pathway for mediation of the myotatic reflex. The relatively synchronous discharge evoked in this pathway by single shock stimulation would then imitate the phasic response to stretch (i.e., the tendon-jerk) in its most brief, and possibly unattainable (cf. 12, 24) form. Further direct evidence for this position is to be found in another paper (24).
A comparison of group I and group II reflex effect. While the local reflex effect attending stimulation of group I fibers is confined to two-neuron-arc pathways, the reflex discharge following stimulation of a cutaneous nerve or of the medium threshold fibers (cutaneous for the most part) of a mixed nerve, has all the attributes of the multineuron-arc discharge as encountered in the segmental reflex (21). Furthermore, the distribution of the reflex evoked by stimulation of the cutaneous afferent fibers is quite different from that of the group I reflex.
In Fig. 5 are compared the effects of stimulating group I and group II fibers, as recorded from the dorsum of the spinal cord after the manner of Gasser and Graham (13) and of Hughes a&l Gasser (16). Figure 5A characterizes the events on stimulation of the nerve to the medial head of the gastrocnemius muscle, the appropriate ventral roots being severed. Recorded with the same electrode positions, Fig. 5B illustrates the events on stimulation of the sural (external saphenous) nerve. Fig. 5C shows the recorded result of combined stimulation of the two nerves. The conduction distance from the stimulating electrodes to the spinal cord was so arranged as to be equal in the two nerves. Study of Fig. 5 ation that the extensor two-neuron-arc reflex and the flexor multineuron-arc reflex evoked by a single synchronous stimulation are virtually independent, for this combination will occur on stimulation of a mixed nerve such as the tibial nerve even though only the flexor discharges are recorded, as when the recording leads are directed to the peroneal nerve (cf. Fig. 9 ). With combined stimulation, the two-neuron arc discharge is unhindered for, travelling in afferent fibers of the highest velocity, it finds the spinal cord in the 'resting' state.
Observations made from the dorsum of the spinal cord (Fig. 5) and from a ventral root (Fig. 6) will be seen on comparing Fig. 5 and 6 that the group I reflex transmitted in its entirety is not accompanied by activation of the internuncial elements contributing to the cord potential (13, 16). On the contrary, the group II afferent fibers when stimulated yield intense activity among the interneurons of the dorsal regions of the spinal cord, which in turn causes the diffuse delayed discharges characterizing the group II reflex. Figures 7, 8,9,10, 11,12 reveal that the group II multineuron .-arc discharges are distributed overwhelmingly to the flexor musculature, as would be expected from the early observations of Sherrington (43). These facts provide ample confirmation for the association, developed by Hughes and Gasser (16), between the cord potentials and the flexor reflex.
The distribution of group II and group III reflexes. The peroneal nerve, considered as a 'motor' nerve, is distributed in the main to muscles of physiological flexion (43). In contrast, the tibia1 nerve contains motor fibers distributed to posterior tibia1 and plantar muscles, muscles of physiological extension. As an approximation these nerves may be considered as flexor and extensor nerves respectively, and in practice, no essential distinction, in terms of recorded reflex discharges, has been found between the parent trunk of the peroneal nerve and its constituent branch to the tibialis anterior muscle on the one hand, or between the parent trunk of the tibia1 nerve and its constitu . Iv1 th these .ent branches to the gastrocnemius muscle on the other hand. con siderations in mind, the distribu .tion of activity * engendered by stimulation of group II and group III afferent fibers has been examined. Separation of the group II and group III fibers, the latter comprising essentially the delta fibers, depends primarily upon the strength of stimulation. Figure 7 illustrates the reflex responses recorded from the peroneal Weak stimulation of the sural nerve (7A, B) results in a reflex discharge into the peroneal nerve with a total latency approximating 6 msec. With strong stimulation, this discharge grouping is present as before, but added thereto is another discharge grouping (7C, D). The latency of the second discharge (group III reflex) cannot be estimated with certainty, but approximates 11 msec. The situation is only slightly different when the gastrocnemius nerve is employed for afferent stimulation, for weak stimulation does not always result in any reflex discharge into the peroneal nerve (Fig. 7F) . On strong stimulation of the gastrocnemius nerves, group III reflexes regularly appear in the peroneal nerve (7G, H, I) with the same time relationship as they exhibit on sural nerve stimulation (compare 7G, H, I with 7C, D). It will be remembered that flexor reflexes resulting from stimulation of the gastrocnemius nerves has been described by Sherrington (43) and Eccles and Sherrington (9). Presumably those reflexes, frequently belonged to group III of the present classification.
The not infrequent absence of group II reflex discharge on stimulating the gastrocnemius nerves is related to the poverty of medium sized afferent fibers (8, 29), but certainly there are sufficient to develop a subliminal field of excitation among the central neuron pools, and upon occasion to provoke a reflex discharge (cf. 21, Fig. 5A ).
When the tibia1 nerve (less its branches to the gastrocnemius muscle) is substituted for the peroneal nerve to serve as an efferent reflex limb, little or no discharge attends stimulation of either sural or gastrocnemius nerves. Typically there is no reflex pathway from the gastrocnemius nerves to the (remainder of the) tibia1 nerve ( Fig. 4H, I ; Fig. 8B, C) . A slight discharge may be found in the tibia1 nerve when stimulating the sural nerve; it is not increased apparently by strong stimulation (compare Fig. 8D, E ). This last discharge is difficult to interpret; it might represent 'residual ipsilateral extension' or specialized reflex activity directed to the small muscles of the foot through the plantar divisions of the tibia1 nerve. Since the residual ipsilateral extension reflex is usually a rebound following preliminary inhibition (4, p. 81, Fig. 43 ), this seems at the moment an unlikely explanation, for the latency would then be much greater.
Since the experiments of Fig. 7 and 8 are performed with the dorsal and ventral root systems of the spinal cord intact, antidromic volleys in the motoneurons ensue whenever a muscle nerve is utilized for 'afferent' stimulation. The untoward effects of the antidromic volleys probably need not be considered when the antidromically activated motoneurons and the reflexly tested motoneurons belong one to the peroneal nucleus, the other to the tibia1 nucleus (32), but as between the divisions of the tibia1 nerve care must be exercised in forming conclusions. It has been shown above that the branosus, anterior part of the biceps femoris, soleus, gastrocnemius) is inhibition (43) rather than excitation (cf. also Fig. 12A , B, C). There is reason to believe, however, that a group II or group III reflex would be realized among extensor motor nerves if the extensor inhibitory component of the flexor response evoked by stimulation of the plantar nerves were obviated by the use of natural stimulation (cf. discussion on the extensor thrust reflex in connection with Table 2 ).
The shortest reflex pathway from one peripheral nerve to another. The most powerful reflex discharges transmitted from one hind limb nerve to another are those to be recorded in the peroneal nerve, or a suitable branch thereof, following stimulation of the tibia1 nerve. Because of this fact the tibia1 nerve to peroneal nerve reflex has been chosen as the system in which to examine the simplest reflex link from one nerve to another. The simplest link from one nerve to itself is the two-neuron-arc pathway. In order to establish a time reference by which to gauge the minimum central delay of the tibia1 nerve to peroneal nerve reflex, the group I reflex from the tibia1 nerve back into itself has been examined. Stimulation and recording leads are arranged so that the conduction distance for the two reflexes is comparable. Figure 9 illustrates an experiment performed after this manner. In observations A and G of Fig. 9 are shown the reflex into the tibia1 nerve on stimulation of that nerve (compare with Fig. 3 ). 5.3 msec., i.e., 1.5 msec. longer than that to be expected on transmission through two-neuron-arc pathways. It is obvious that the reflex discharge resulting from a single stimulation need not necessarily be transmitted through the shortest available pathway (cf. 10). Accordingly the discharge through the tibia1 nerve to peroneal nerve pathway has been examined under conditions of repeated stimulation calculated to yield the greatest facilitation of the response to the second of two successive shocks. A stimulation interval of 3.0 msec. was found to be most effective. In Fig. 9C 9 -F On the other hand comparison of records D, F, J, L with records A and G shows that the latency of the reflex into the peroneal nerve, in spite of powerful facilitation, is 1.1 msec. longer than that of the two-neuron-arc reflex back into the tibia1 nerve.
The latency differential between the two reflexes under consideration is not all referable to difference in central latency, for the reflex in the tibia1 nerve results from stimulation of group I afferent fibers, while the reflex in the peroneal nerve results from stimulation of group II afferent fibers. The proper correction for the differential afferent conduction under the conditions of the experiment illustrated in Fig. 9 amounts to 0.5 msec., or a little less (cf. also Fig. 5 ). Then, with allowance of 0.5 msec. for the slower afferent conduction of the reflex into the peroneal nerve, there remains a latency differential of 0.6 msec. between the two reflexes, all of which is attributable to excess central latency. Since this value is appropriate for the delay occasioned by a single synaptic relay (27), it appears that the minimum reflex pathway from the tibia1 nerve to the peroneal nerve contains one more neuron in series than does the reflex pathway back into the tibia1 nerve, and is, therefore, a three-neuron-arc pathway. Since the reflex pathway from the tibia1 nerve to the peroneal nerve contains all the paths pertaining to the classical reflex of the ankle flexor as studied by Eccles and Sherrington (lo), it follows that the minimum pathway for this flexor reflex proper is one of three neurons.
Group I and group II reflex discharges into flexor nerves. Although the shortest pathway mediating the flexor reflex proper is one of three neurons (Fig. 9) ) the motoneurons of flexor muscles are supplied directly by primary afferent fibers and under the appropriate experimental conditions, two- A, G-the group I reflex recorded on the tibia1 nerve as in Fig. 3 neuron-arc reflex discharges may be demonstrated in flexor nerves. The experimental conditions are those by which similar discharges may be recorded in the extensor paths (Fig. 1, 3, 9) . Figure 10 illustrates the reflex discharges to be found in the nerve to the tibialis anterior muscle on stimulation of the tibia1 nerve and the peroneal nerve (the latter being the parent trunk for the nerve to the tibialis anterior muscle). Observations A, C, E, G show the reflex discharges resulting from single shock stimulation of the tibia1 nerve, the shock being stronger for C and G than for A and E. Observations B and F present the result of combined stimulation of the tibia1 nerve, the stronger shock preceded at an interval of approximately 3.0 msec. by the weaker shock. Comparison of B and F with C and G shows that the latency of the response to the second tibia1 nerve shock is shortened by 0.8 msec. to a value of 5.8 msec. In contrast, stimulation of the parent trunk of the peroneal nerve results in a group I (twoneuron-arc) reflex into the nerve to the tibialis anterior muscle (Fig. lOD, H) . The latency for this group I reflex is 4.6 msec. The reflex pathway from the stimulating electrodes through the spinal cord and back to the recording 308 DAVID P. C. LLOYD leads on the nerve to the tibialis anterior muscle approximates 38 cm., or 7 cm. longer than the total reflex pathway obtaining in the experiment illustrated in Fig. 3 . The additional latency (0.6 msec.) of reflex lOD, H over that of reflex 3A is only sufficient to account for conduction through the additional 7 cm. length of pathway at a velocity of 117 M/set. Again, the records lOD, H were obtained by the use of shocks submaximal for the group I fibers of the peroneal nerve. This is shown by the fact that the group I reflex is decreased on increasing the strength of stimulation, due to the increase in the antidromic volley, and consequent extension of central refractoriness (compare H with I in Fig. 10 ). Also, with the increase in strength of the peroneal nerve shock, group II reflex discharges appear in the nerve to the tibialis anterior muscle.
The peroneal nerve is a mixed nerve. The low threshold reflex appearing in the nerve to the tibialis anterior muscle on stimulation of the peroneal nerve does so by virtue of the stimulation of afferent fibers arising in the tibialis anterior muscle, for, stimulation of the peroneal nerve after segregation of the tibialis anterior nerve results only in delayed discharges into the latter (cf. Table 1 ). Conversely the late discharges seen in record I of Fig.  10 must be due largely, but not exclusively, to the stimulation of cutaneous afferent fibers reaching the peroneal nerve trunk through its superficial branch. Thus the initial discharge into the tibialis anterior muscle, on stimulating the parent peroneal trunk has the latency, threshold, and distribution features to be expected of a group I reflex. In this connection it will be noted that Sherrington (38), Asayama (1) and Denny-Brown (5) have described the tendon-jerk, or 'pluck' reflex in flexor muscles, and that Forbes Campbell and Williams (11) and Matthews (28) have demonstrated afferent responses to stretch of flexor muscles. Since the two -neuron-arc reflex does not appear in the pathway of the flexor reflex, there is ample reason to regard the two-neuron-arc connections of flexor muscles as devoted to of the tendon-jerk or 'pluck' reflex exhibited by those muscles.
the mediation
In connection with Fig. 9 and 10 it has been seen that the latency of the group II reflex discharges is shortened by antecedent stimulation, as would be expected from the experiments of Eccles and Sherrington (10). In the absence of antecedent stimulation discharges through the three-neuron-arc pathway of the group II flexor reflex are almost (Fig. 9B, H ) or quite absent (Fig. 4M, 7, 10) i.e., subliminal, when the afferent stimulation is applied to a peripheral nerve, even though this stimulation be powerful, But, just as flexor reflex activity is shunted into the shorter available paths by facilitation (Fig. 9, lo) , so is it similarly advanced by shifting the site of afferent stimulation from a peripheral nerve to a dorsal root. Figure 11 presents an experiment in which are compared the reflex discharges into the deep peroneal nerve by stimulation of the tibia1 nerve, the Sl dorsal root and the L7 dorsal root. The deep peroneal nerve supplies the tibialis anterior, extensor longus digitorum and extensor brevis digitorum, all three of which respond in the great flexion reflex (43). It is a convenient nerve TRANSMISSION OF HIND LIMB REFLEXES 309 structure for the recording of flexor activity. As a preface to the consideration of Fig. 11 , one should bear in mind the differences between the L7 and Sl spinal segments in relation to the three muscles served through the deep peroneal nerve. The L7 segment regularly supplies the muscles mentioned (35, 10). The Sl segment may contribute a small twig to the peroneal nerve when the arrangement of the plexus is of the nostfixed tvx>e. One would ex- pect to find, therefore, little (postfixed preparation) or no (prefixed preparation) two-neuron-arc reflex discharge from the Sl dorsal root to the deep peroneal nerve, but a not inconsiderable two-neuron-arc discharge from the L7 dorsal root to the deep peroneal nerve. Figure 11A and B illustrates the reflex discharge recorded from the deep peroneal nerve on stimulating the tibia1 nerve. The latency of this discharge is approximately 7 msec. Observations C and D illustrate the reflex discharge similarly recorded, on stimulating the Sl dorsal root. As might be expected there is a small, but quite regular two-neuron-arc discharge appearing after a latency of 3.2 msec. (compare C and D with E, obtained by stimulation of the L7 dorsal root, and which contains a powerful two-neuron-arc discharge). The arrangement of the plexus in this preparation was postfixed, and direct fiber connection between the deep peroneal nerve and both the Sl dorsal root 310 DAVID P. C. LLOYD and Sl ventral root was proved by the recording of directly conducted alpha spike potentials between the nerve and the roots. Disregarding the twoneuron-arc discharge in C and D for the moment, for this represents reflex activity arising from the deep peroneal nerve rather than the tibia1 nerve, the latency of the next discharge in order is 4.4-4.6 msec., encompassing some slight variation from one observati .on to another. On advancing the site of stimulation from the tibia1 nerve to the dorsal root, therefore, the latency of the flexor reflex proper is reduced from 7 msec. to approximately 4.5 msec. Some fraction of this latency differential is referable to the shortening of the afferent limb of the reflex. Since the tibia1 nerve contains group I fibers in addition to the group II fibers mediating the reflex in question, the exact allow *ante for a fferent conduction cannot be measured. as mu ch as 1.7 msec. afferent conduction time is involved (th Assumin is would .g that represent 12 cm. conduction at 70 M/set.) there is still a shortening of central latency amounting to 0.8 msec., which occurs by virtue of 'skipping a synapse' (26).
The most prominent discharge peak in C and D of Fig. 11 has a latency of 5.6 msec., which is shorter than that of the initial discharge in A and B only by the equivalent time for conduction from the tibia1 nerve to the Sl dorsal root. It would seem that this peak in C and D represents the same 'order' of reflex discha rge as the initial discharge in A and B, but it h .as gained greatly in potency.
The effect of advancing the site of stimulation from the peripheral nerve to the dorsal root, then, shorter available paths at is an intensification of the discharge through the the expense of discharge through the longer paths, in addition to the simple shortening of latency due to shortening the afferent limb of the reflex pathway. It seems probable that a decrease in central latency brought about in this manner accounts for the apparent long afferent conduction time and correspondingly short minimum central reflex time calculated for the flexor reflex by Eccles and Sherrington (lo), for they measured the afferent time by the difference in reflex latency when stimulating the tibia1 (popliteal >n .erve and the Sl (8th post-thoracic) d .orsal root .
On the con ditioning of two-neuron-arc reflexes. According to the evidence of the present experiments, the segmental reflex discharge is constituted of two-neuron-arc discharge directed in varying ratio, depending upon the segmen .t employ ped an .d other considera tions, to muscles of flexor and extensor action, together with multineuron-arc discharges almost exclusively directed to muscles of Some of the v physiol ,agaries .ogical flexion, of conditionin irrespective .g experimen of the segment employed. ts in which segmental twoneuron-arc reflex discharges are employed as test volleys are undoubtedly due to the dual nature of those discharges. It is frequently found, on causing a two-neuron-arc volley to fall during the multineuron-arc discharge in response to an antecedent shock, that the two-neuron-arc volley is subjected simultaneously to temporal facilitation and spatial inhibition. Record B shows the multineuron-arc discharge resulting from stimulation of the sural nerve. On combining these two stimulations (record C) at an interval of 8.5 msec. the extensor two-neuron-arc reflex is inhibited, although few if any extensor motoneurons could have discharged in the earlier reflex. Record D illustrates the response recorded from the L7 ventral root on stimulation of the deep peroneal nerve. The two-neuron-arc discharge is here followed after an interval by multineuron-arc discharges. Record E shows the response evoked by stimulation of the sural nerve. In record F, sural and deep peroneal nerve stimulation are combined as were the sural and gastrocnemius nerve stimulations in 12C. In this case, however, the flexor two-neuron-arc discharge is facilitated, both temporally and spatially.
312
DAVID P. C. LLOYD Similar results can be obtained when stimulating dorsal roots while segregating the extensor and flexor components on the motor side (cf. also 33), but the method here illustrated seems preferable in theory for the input to the spinal cord is restricted so that only the flexor or the extensor testing two-neuron-arc discharges are elicited, depending upon choice. On the contrary, when segregation is effected on the motor side, stimulation of dorsal roots will cause activation of both flexor and extensor two-neuron-arcs in parallel, and although only one or the other is recorded, the way is open for undesirable interaction, and the possibility of confusion phenomena within the testing system remains.
The classification of ipsilateral hind limb reflexes. Throughout most of the present paper the reflex discharges described have been classified according to the arbitrary groups outlined in the introduction, but certain obvious correlations with hind limb reflexes as they are known on the basis of motor performance have emerged. Table 2 forms a summary of these correlations and of the foregoing experiments. 
